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INTRODUCTION 


The demand for im permeable Concrete has 


been grewing qreoter each Y@or, and with this 


increase in demoand there has been increased re- 


Search and investigation to find same practical Way 


of mohing the concrete impermeable. 


There are four ways otf mak ing concrete im-— 


permeable.— first, by the vse of mechanically graded 


Sand and stone.in the proper proportions te form 


a dense mixtu res 


second , by the use of lovers. son 


felt placed on the surface of the concrete and then 


painted with ter or aspholt, or by the use of layers 


of felt or steel tmbedded in the concrete | une s by 


plastering the surface of the concrete with seme 


material that is im permeable: fourth, by the additien 


of some substance to the concrete which will eithec 


coot the grains of sand and stone and so keep water 


from entering the spaces, or fill up the voids in the 


concrete and thus ferm adense mixture. 


Ir is evident that the first methed would Ce quire a 


very qreat AGmeunt of Time and expense to sift and 


grade all the sand and stone for a large job. 


The second methed is also com parctively ex pensive 


bust Vos practical and iS used very extensively. 


However, it is difficult to make layers of felt stick 


to the concrete while sheets of steel irbedded in a 


concrete wall will Vier y materially reduce the strength 
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INTRODUCTION 


of the wall. 


The objection tothe third methed hes in the fact 


that a coat of plaster which Is thiehk enough to be 


effective against the passage of water will eventually 


crack and scale off. This is due tothe different rates 


of Expansian and Centraction between the plaster 


ond the concrete. 


The fourth methed would be the best ff some 


moterial ceauld be found which would render the con- 


crete impermeable without reducing its strength. 


There are companies who claim they have patented 


material that will £ill the above conditions and some 


of these companies have partally Proven their claim. 


The writer has taken up the tests of lime as one of 


that class of materials which fills upthe voids in the 


concrete and thus forms a dense mixture. The pur- 


pose of this thesis is to Find whether concrete can 


be made tmpermeable by the addition of lime, or if 


net, te determine the effect of the lime on the per- 


mea bility of the concrete. 
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MATERIALS USED 


Cement. 


Chicaqge “ARS Portland cement was used in all 
Twenty-three per cent of water was 


of the tests. 


required for the proper consistency of the neat 
cement. The tensile brag@e ties were left under a 


damp cloth one dey and imeniere r s\x days before 


being broken. 


Tests of Cement. Table l 
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The Specific gravity of the cement was 3/60 


Sand and Stone. 


The sand was from the Wobaskh River. ly contained 


a small per cent of clay and was composed mostly 


of rounded grains, Kankokee limestone of medtum 


quality was used and as can be seen by the fol- 


lowing table it contained a comparatively lacqe per 


cent of dust. 
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MATERIALS USED 


Table IL 
Sieve  Anol iS 
Svey ea Per + retained 
No. Sond Stone 
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Lime 


Fhe lime was monvufactured by the iMecbiaihaad 


ee ore an cline. =) Helly ied ordinarily used 


brick mortar. 


i 
he specific gravity of the lime 


was E236 
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DESCRIPTION OF APPARATUS 


Simple hand tecls were used for maxing, the, come 


crete and iron rings S\x inches in diameter and two 


inches deep were used for molds. These rings, after 


being filled were left under adamp cloth for ane day 


and then placed tno demp choember for six days. 


At theend of a week the rings were clamped 


between the two heavy iron plotes of the permeability 


opparatus Shown in Figure [| 


The permeability apparatus was connected to 


the University water-main by the small pipe eas 


(figure 1) which gave an averoqge pressure of farty- 


Five eounds per square inch. 


Rubber gaskets formed the joints between the 


disk and the plates, and asurface four inches tn 


diameter was left exposed te the pressure of the 


water The gaskets, alone, did not prove satisfactory 


and in erder te make the joints perfectly woater- 


fight, hat asphalt was spreed on these parts of 


the disk which the gaskets covered. 


Pie Watrea which passed through the concrete 


Vt 


was collected tn flasks under the funnel F” 


The apparotus for finding The specific gravity 


of the materials consisted of a fine balance and 


a hquid displacement flask (nm which kerosene was 


used. 
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FIGURE I 
PERMEABILITY APPARATUS 


Elevation | Cross-section 
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Scale | inch=4inches 
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VOLONETRIC VESTS 


A volumetric test was made of each specimen 
in order to determine its per cent of voids. No special 
epparatus was used inthis cennection but the 


measurements were made in Mme tren CINngs. 
The rings were weighed befere and after Filling 
The 


to determine the weight of materials used. 
weight wos checked by Mixing Theteoperet]e im a 
pan and finding the amount left over. 

The weight of cach material in the ring wag found 
by multiplying the total weight of the material by the 
Pee eo oh Ihe oholemmnixrere Used imethe ring. The 


Space sceupied | by each moaferial inh the ring was 


found by divyid Ing The weight ef that tmeternal by its 


Specific gravity: Knowing the velume of the moterials 
ond of the ring, the per cent of voids was easily ob- 
Toained. 

In determining the per cent of voids the space oc- 
cupied by water was entirely neglected. The relsuts 


of the volumetric tests are SsHown in Table If. 
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VOEUMETAIC TESTS 
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RESUIAT S 


Table Vv qiwes the nesults from all the per- 
meoabitty tests. For convenience in cemparisen the 
Beepertiom of each materralis expressed in’ terms 
ef the weight of the cement 

Under “Readings CebleIZ) is given the amount 
ef water in grams with the date and time of day at 
which each reading was taken. The percolation in 

grams per square inch per day 1S Shown in Table SS 


Plate | shows che effect of lime Upom: te ten- 


sile strength of cement mortar. which eed ot 


one part cement fo three parts Same «alt vs quite 
priebable thal the atfect ef Vicne: Cpon the Tensile 
strength of the concrete is about the same as Upon 
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RESULTS 


The results of the tests show thot If is practically 
impossible to qet Impermeable concrete by the use of 
lime. From Plate IL if is seen that the least degree 
of permeability 1s secured when the proportion of lime 
fo cement 18 about age to 100. This amount gives a 
percolation of 060 gram per square inch at the end 
of seven days while atthe end of fourteen days the 
percolation was only o24 qram. 

Disks JiSi4) wece the only. ones made hoving the 
proportions of one part cement, three ports Sand, and 
SIx parts stone. These four disks showed conclusively 
that richer mixtures must necessarily be used for 
anything o pproaching impermeable concrete. 

The “puddling- effect of water upon concrete is 
clearly shown by Plate Hf. In the case of disk no.s the 
percolatisn decreased from ¢-o grams during the ficst 
day To 060 gram onthe seventh. This gradual decreas 
in percolation 1s evidently not caused by the presence 
of lime for the decrease Is proportionally the same 
in those disks which do not contain lime. 

It 1s plain that any moterial used in concrete fo de- 
Crease permeability should not decrease the s¥cenqth, 
Plate TIE shows that when the proportion of lime to 


Seinem: was oj1S o.oo the strength ot the mortar 


was increased about thicty per cent but increasing 


proportions of lime caused a qrad val decrease in 
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REVS 


the tensile strength. Qs has been stated the most 


effective proportion of lime te cement in reducing 


permeability was about aso to 100 and with thet proe- 


portion the strength of the mortar was redveced about 
eleven per cent below the strength of mortar without 
lime, 

For practical purposes this reduction in strength 
would not be prohibitive and since lime considerably 
reduced the permeability of concrete it would bea 
Cheap and effectwe material to use where a reduced 
permeability bot not strict itmpermeabil ity of the 


concrete is requ ced. 
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